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A Quick Analyz ing System of Tree Form and Structure of 
Leaf Canopy of Fruit Trees 
一一一Developmentof a New System with Two Side-Photographs一一
Takanori Y AMAMOTO and Eri Y AMAGUCHI* 
Laboratory of Pomology， Faculty of Agriculture， 
Yamagata University， Tsuruoka 997， ]apan 
(Received September 1， 1988) 
Summary 
Ecological investigations of fruit trees， closely related with light environment and fruit 
production， contain measuring leaf distribution， volume of leaf canopy， leaf 紅白 index，etc.. 
However， much labour and plenty of time are spent in the measurings， and that obstructs the 
accumulation of resu1ts of these studies. In the present study， a system was constructed for the 
quick estimation using only 2 photographs of a 紅白 afterthe defoliation (before the pruning)， 
a personal computer and a degitizer， and tested with several deciduous fruit trees. 
1. There is a perspective relationship (X=XX/(A. ZZ)， Y=YY/(A. ZZ)) between a 
plane coordinate (X， Y) of a point and the space coordinate (XX， YY， ZZ) where A denotes the 
perspective strength ( =自1mwidth/ (forcal distance of lens x 2) ). Therefore， a space coordinate 
(XX， YY， ZZ) of a point is solved from simultaneous equations using a plane coordinate (X 1， 
Y 1) ofaX-Y photograph and a plane coordinate (Z 1， Y 2) of a Z-Y photograph， which are the 
side photographs， the latter's angle is a right angle greater than the former， and the photo. 
graphing distance is M and L， respectively. Further， YY is solved by 2 different ways， namely， 
the one is using Y 1， the other is using Y 2.Thぽ eare many stem-images in a photograph of a 
tree. By combining a plan巴 coordinate(X 1， Y 1) at the base of one of stems in the X-Y photo. 
graph to a plane coordinate(ZI， Y2)of the base of each stem in the Z-Y photograph， comparisons 
訂 edone between a space coordinate calculated by using Y 1 and that by using Y 2. Another 
comparisons are done simultaneously in relation to the c∞>rdinate of the top of the stem. When 
the 2 groups of space coordinates at a certain combination are found to be the most similar of 
al， the two stems are recognized to be a same stem. By repeating the calculations mentioned 
above on the al stems in X-Y photograph， all correspondences are given except stems in the 
dead spaces. Ultimately， all space coordinates of the stems are calculated from the correspon-
dences and from the data of plane coordinates containing bendlines of the stems which are 
read by a degitizer. 
2. On the basis of data of the space coordinates and by using relations (parameter) bet. 
ween shoot length (or length of biennial branch bearing spurs) and number of leaves， the system 
calculates several values or draws figures， namely， tree crown form (stems and leaves)， tree 
form (stems only)， solid model of leaf canopy， sev 
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leaves. volume of leaf canopy. volume of tree crown. external or internal unavailable volume. 
“degree of baldness". area occupied of leaf canopy. vertical distribution of 1伺 farea index. 
distribution of shoot length and distribution of leaf area density. These calculations and draw. 
ings are supported by solid geometry. computer-graphics and conversion treatments of one's 
eye using coordinate vector and rotational matrix. 
3. Further. the system presents the data of leaf distribution in a space. which is feasible 
to be used in another model (“Simulation model of distribution of radiational flux at leaf 
surfaces in fruit tree cαrownが¥"
4. Application tests of the systern on several deciduous fruit trees showed good results 
under some reduction in errors of both photographing and judgement of branching points by 
several devices. Many merits were recognized in a great reduction in labour. time and expense. 
non-d田 tructivemeasurement. rise of accuracy. expand of investigationl items and use of 



















































































フィルム上の平面座標を X，Yとすれば， (1)， (2)式が成
り立つ21)
X=Xo/(Azo) (1) 














Fig. 1. A Relation between angle 0， forcal dis. 























Fig. 2. Two side-photographings of a stem at 
















Fig. 4. Plane coordinates of a stem in Z-Y pho-
tograph. 








































それは (X1，Yll， X2， Y12)の要素の並び，及び ZY




X2， Y 12)とZY写真画像の一つの配列変数 (Z1，Y21， 







(I~式では Y21 を，帥式では， Yllを用いていることか
ら， ZY写真の Y21とXY写真の Yllとが同じ枝から
読まれたものかどうかに帰する.そこで，Y21より誘導
して空間座標値 (YY1'， XX 1'， ZZ1')を，他方， Yll 
より誘導して空間座標値 (YY1"，XX1ぺZZ1つを計算
する.すなわち， (l~式からの XX1 を Y21 とともに(I~
式に代入して得られる YY1を YY1'とし (14)式からの























座標軸上の 6備の差 (.dXX1， .dXX 2， .dYY 1， .dYY 2， 
.dZZ 1， .dZZ2)が同時に最小になる組合せをさがし出す
ことになる(6連立不等式を解く).
.dYY 1= IYY l'-YY 1"1 帥






































Fig. 5. One's eye exists at origin (0， 0， 0) of an 
orthogonal coordinate system. 
のコンピュータグラフィックスで用いられている座標変
換方法21)を用いた.すなわち，物体を見つめる視点














R02=cos RX.sin RY .cos RZ十sinRX・sinRZ帥
R10=cosRY.sinRZ 倒
































座標値を，たとえば，一本の校の両端座標値を x1， y 1， 


























(.1'2， Y2， % 2) p且
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この枝の長さ SLを Fig.6の PlPに置き換えて，倒
-(，ω式で示した取扱いを行う.すなわち，LN(業数)を






























Y l*=Y 1・L/{L+A・21) 倒
X2*=X2・L/{L+A・22) 帥











































































(Volume of tree， VT)あるいは葉層樹冠容積(Volumeof 








西樹幅 (Treewidth from east to west)及び南北樹幅

















(Space outside leaf canopy)か，外部無効容積空間 (Ex
ternal unavailable space of leaf canopy)か内部無効容


















External unavailable volume 
(A) A small tree (B) A tree without pruning (C)A tree with heavy pruning 




Expl anatioQs of 
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Ooly ane zenith-terminal is close 
Ooly aDe terainal except earth is open 
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All terminals are" close 。
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Fig. 8. Standards of judgement for unavailable volume of bL∞k spaces lucking in leaf訂 oundor 
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Fig. 9. A diagrammatic showing of a vertical 
section of leaf canopy of a fruit tree 
and classifications of block space lucking 






















YY1， ZZl， XX2， YY2， ZZ2， XX3， YY3， ZZ3， 
XX4， YY4， ZZ4， XX5， YY5， ZZ5， XX6， YY6， 
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Stallc. 
Fig. 10. A f10w chart of the systern. 
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Table 1. Data and parameters used in the system 
Data Parameters 
QDistance at photographing X-Y view (m) I QParameters for estimating number of leaves仕om
QDistance at photographing Z-Y view (m) sh∞t length 
QAngle at photographing X-Y view (degree) I QParameters for estimating number of leaves from 
QFocal distance of the lens used (cm) length of biennial branch 
QWidth of the白1mused (mm) I QIncrement to caJculate凹 sitionof block belonging 
QWidth of the photograph printed (mrn) stem (mm) 
QPlane coordinates in the photograph of various I QSize of a graphic pattern of a leaf (selection from 
stems measured by the degitizer (recorded in a 4 gradations) 
disk) I QLength of a side of a cubic block (cm) 
QMean leaf area (cm2) I QNumber of conversion of one's eye and view angles 





た写真画像の幅は長方形の長辺 (mm)を用いる.葉の絵 らの同ーの枝を全部捜し終わるのに BASIC言語を用い
(グラフィックパターン)の大きさは自動設定と任意設定 ているのでパーソナルコンピュータでは約10時間稼動し











が多い場合， XY写真の一本の枝について ZY写真の全 20.各品種の校長~着葉数パラメータの測定方法
ての校を組合せて同ーの枝を捜し出した後は， ZY写真 山形大学農学部附属農場(鶴岡市高坂)に栽植されてい












Table 2. Materials used for measuring parameters (@)， photographed after the defoliations (・)




‘Mutsu' (MM 106) 
'Fuji' (MM 106) 
Age of tree Training (y即 sold) Place 
10 Central leader Takasaka 
10 Central leader Takasaka 
Date of measuring parameters or of 
photographing 
@'87Aug.4・'87Dec. 8 0 '87 Sep. 20 。'87Aug.4 
'Starking Delicious' (MM 106) 10 Central leader Takasaka '87Aug. 4 
‘Red Spur' (Maruba)z 10 Central leader Takasaka 。'87Aug.4 .明Dec.22 0 '87 Sep. 20 
‘Tsugaru' (M訂 uba) 10 Open-center Takasaka '87Aug. 4 
‘]onathan' (Maruba) 10 Open-center Takasaka 。'87Aug.4 
'Rals' (Maruba) 10 Open-center Takasaka '87Aug. 4 • '87 Dec. 8 0 '87 Sep. 20 
'Mutsu' (M 26) 10 Central leader Takasaka .潤Dec.22
'Golden Delicious'(M 26) 10 Central leader Takasaka .明Dec.22
'Fuji' (M訂 uba) 10 Open-center Takasaka • '87 Dec. 8 0 '87 SeP. 20 
]apanese persimmon 
‘Hiratanenashi' 40 Mode自ed1回 derWakabacho @ '87 Aug. 3 
‘Hiratanenashi' 10 Open-center Takasaka .潤Dec.24，喝7Dec. 8 
0'87 Sep.20 
Chestnut 
‘Tanzawa' 10 Modefied leader Takasaka 。'87Aug. 3 .澗Dec.24
‘lbuki' 10 Mode自edleader Takasaka '87Aug.3 
‘Tsukuba' 10 Modefied leader Takasaka 。'87Aug. 3 
Walnut 
'Banshun' 10 Open-center Takasaka 。'87Aug.3 
'Shinrei' 10 Open-center Takasaka '87Aug. 3 
‘Yorei' 10 Open-center Takasaka @'87 Aug.3・'86Dec. 24 
Peach 
‘Okubo' 10 Open-center Takasaka @'87Aug.3 
‘Koyohakuto' 10 Open-center Takasaka 。'87Aug. 3 
'Hakuho' 10 Open-center Takasaka '87Aug.3 .明Dec.22
Cherry 
‘Rockport' 13 Open-center Wakabacho @ '87 Aug. 6 
'Satonishiki' 13 Open-center Wakabacho @ '87 Aug. 7 
‘Satonishiki' 10 Open-center Takasaka .明Dec.22
‘Napoleon' 13 Open-center Wakabacho @ '87 Aug. 8 
]apanese pe.訂
‘Shinsui' 10 Trellis Takasaka 。'87Aug.ll 
‘Chojuro' 10 Trellis Takasaka '87Aug.ll 
'Kosui' 10 Trellis Takasaka • '87 Dec. 8 
‘Shinseiki' 10 Trellis Takasaka 。'87Aug.ll 
Pear 
‘Bartlet' 7 Open-center Wakabacho @ '87 Aug. 7 
‘La France' 7 Open-center Wakabacho @ '87 Aug. 6 
‘Grand Champion' 7 Open-center Wakabach邑 @'87Aug.6 
‘Grand Champion' 10 Trellis Tak'lsaka • '87 Dec. 8 
Grape 
‘Delaware' 10 Trellis Takasaka 。'87Aug.3 
‘Neo Muscat' 10 Trellis Takasaka '87Aug.3 




Table 3. Relations between number of leaves and sh∞t length of several deciduous fruit trees. 
Fruit species Coeffi，ci.t;nt of Formula of relrressio 
Cultivar correlation !'ormUla OI regresslOn n 
Apple 
‘Mutsu' (MM 106) 0.8799 Y = 0.2206 X +6.6357 76 P<0.001 
‘Fuji' (MM 106) 0.9629 Y = 0.3534 X +5.5486 76 P<0.001 
'Starking Delicious' (MM 106) 0.9396 Y = 0.3241 X + 8.2314 76 P<O.∞1 
'Red Spur' (Maruba)z 0.8917 Y = 0.400 X + 11.324 72 P<O.ool 
‘Tsugaru' (Maruba) 0.8280 Y =0.3127X +8.0657 76 P<O.OOI 
‘]onathan' (M訂 uba) 0.9097 Y =0.3082X +7.9501 76 P<O.OOI 
'Ralls' (Maruba) 0.8623 Y =0.3504X +5.3578 76 P<O.OOI 
]apanese persimmon 
‘Hiratanenashi' 0.9552 Y =0.2247X +3.6500 76 P<O.OOI 
Chestnut 
‘Tanzawa' 0.8443 Y =0.2128X +5.4905 76 P<0.001 
‘lbuki' 0.9558 Y = 0.3256 X +5.8135 76 P<O.∞1 
‘Tsukuba' 0.8625 Y = 0.2006 X +8.9394 76 P<O.OOI 
Walnut 
‘Banshun' 0.7893 Y =0.4705X + 16.642 64 P<O.OOI 
'Shinrei' 0.6981 Y =0.5755X +20.639 60 P<0.001 
‘Yorei' 0.8054 Y = 0.6753 X + 13.698 64 P<0.001 
Peach 
'Okubo' 0.8031 Y =0.9644X +5.6602 50 P<O.OOI 
'Koyohakuto' 0.9641 Y =0.6536X +7.5147 60 P<0.001 
‘H討<uho' 0.8758 Y = 1.1508 X + 1.2958 56 P<O.OOI 
Cherry 
‘Rockport' 0.8989 Y =0.1813X +8.5470 72 P<O.OOI 
‘Satonishiki' 0.7976 Y =0.1802X +8.8629 74 P<O.OOI 
‘Na凹1回 n' 0.9269 Y =0.2632X +7.2367 74 P<O.OOI 
]apanese pear 
‘Shinsui' 0.9134 Y =0.2439X +4.9889 72 P<O.OOI 
‘Choj白rot 0.8695 Y =O.2301X +5.7337 76 P<O.OOI 
‘Shinseiki' 0.8723 Y =0.2168X +7.0914 76 P<O.OOI 
Pear 
'Bart lett ， 0.9563 Y =0.3545X +6.3451 75 P<O.OOI 
‘La France' 0.9461 Y =0.3485X +7.9659 76 P<O.OOI 
‘Grand Champion' 0.8914 Y =0.5578X +3.4248 76 P<O.OO1 
Grape 
‘Delaware' 0.8107 Y =0.1439X +8.2241 57 P<O.OOI 
'Neo Muscat' 0.9623 Y =0.2187X +2.9481 68 P<O.OO1 
'Stuben' 0.9664 Y =0.1235X +3.8691 63 P<O.∞1 





































Table 4. Relations between number of leaves and length of biennial branch 
bearing spurs of several deciduous fruit trees. 
Fruit species Coefficient of Formula of regression Cultivar correlation n 
Apple 
‘Mutsu' (MM 106) 0.6757 Y =0.8419X +3.4115 38 P<0.001 
‘Fuji' (MM 106) 0.8852 Y = 1.4542X + 0.8403 38 P<0.001 
'Starking Delicious' (MM 106) 0.8231 Y = 1.2754 X +3.5869 38 P<0.001 
‘Red Spur' (Maruba)Z 0.9347 Y =2.6620X -2.2704 37 P<0.OO1 
'Tsug訂 u'(M訂 uba) 0.9678 Y =2.0498X -5.9120 33 P<O.OOl 
‘Jonathan' (M紅 uba) 0.9091 Y =1.1890X + 12.219 37 P<0.001 
‘Ralls' (M訂 uba) 0.7432 Y =1.3016X +3.5946 37 P<0.001 
Cherry 
‘Rockport' 0.9235 Y = 1.3016 X + 0.7873 36 P<0.001 
‘Satonishiki' 0.8591 Y =1.1702X +0.0381 36 P<0.001 
'Napoleon' 0.8675 Y =1.1061X +4.3877 38 P<O.OOl 
]apanese pe紅
‘Shinsui' 0.7297 Y =0.6023X +0.2825 36 P<O.OOl 
‘Chojiiro' 0.6020 Y = 0.4863 X + 1.4232 36 P<0.OO1 
‘Shinseiki' 0.7761 Y = 0.5291 X + 1.6552 36 P<0.001 
Pear 
'Bartlett' 0.9486 Y =1.3534X -1.9797 35 P<O.OOl 
‘La France' 0.5738 Y =0.6692X +4.5106 37 P<0.001 
‘Grand Champion' 0.8551 Y =1.2257X -1.7233 37 P<O.∞1 
• M. prunifolia 
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Fig. 11. Relations between number of leaves and shoot length or relations between number of 
























































Fig. 12. Original photographs of a ]apanese persimmon 'Hiratanenashi' -C tree. Left: X-Y 











d， e， fは視線角度を Xy写真撮影角度から水平に樹を見
るようにしてY軌を中心に東回りに45・， 180"， 225・， 27ぴ
度に回転した場合の出力結果であり， mは真上から見た
場合のものである.また. Fig.13 の g~l 及び n はこの
樹形に加えての葉を配列した樹冠形の出力図であり，視






























Side of x-y photograph 
Fig. 14. Four blocks(A~D)in a hOI包 ontalplane 
based on greatness of errors in measur. 
ing space coordinates of stems. The 


















Fig. 15. Projections of distribution of number of leaves observed from north (a)， east (b) and 
overhead (c) of the ‘Hiratanenashi' -C tree. One symbol (dot) indicates 21eaves. 












Fig. 16. Cross-sectional profiles of distributions of number of leaves of the ‘Hiratanenashi' -C 
tree， namely， projections of a east-west row (a)， a south-north row (b) and a step (c) 
of the grid， where the canopy is the widest of all rows or of all steps， respectively. 
b a 
Fig. 17. Solid models fr叩 1the 宮iratanenashi'-C tree. a : RX=2O"， RY=15ぴ，RZ=O・(side.
view). b : RX=20・，RY=345・，RZ=O・(sideview).c : RX=75'， RY=345・，RZ=O"・(look.
ing up). Length of a side of the block (BL) equals 26 cm. 
lIax= O. 097 
lIean=0.035 
SD=0.033 
NUllber of block=593 
品」
0.04 0.08 0.12 
Leaf area density (l/cm) 
Fig. 18. Distribution of leaf訂 eadensity of the 






























を Fig.19， Fig. 20'及び Fig.21に示した.
Table 5には各生態学的調査項目の計算結果を示した.
樹高，東西樹幅，南北樹縞，樹冠容積 (VT)，葉層樹冠容
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Fig. 19. Height distribution of leaf ar飽 indexof 







Number of shoot=308 
Shoot 1 ength (cm) 
~ぞ 80 
> 601 
E U . 





Inclination 3ngle of 
shoot (degree) 
Fig. 20. Distribution of shoot length of the 
‘Hiratanenashi' -C tree. 
Fig. 21. Distribution of inclination angle of 
shoot of the ‘Hiratanenashi' -C tree. 
Table 5. Results from calculations of several ecological items of 
the ]apanese persimmon ‘Hiratanenashi'ーCtree. 
Items Calculated values 
Tree height 390 cm 
Tree width仕omeast to west 494 cm 
Tree width from north to south 520 cm 
Volume of tree crown (Ieaves and stems， VT) 20.49 m3 
Volume of leaf canopy (V LC) 仏42m3
Degree of baldness (=volume of stems onlyjVT) 49.14% 
Area occupied by leaf canopy 16.76 m2 
Leaf area index 2.145 
External unavailable volume (EUV) 11.79 m3 
Internal unavailable volume (IUV) 2.97 m3 
Total unavailable volume (TUV =EUV + JUV) 14.76 m3 
TUVjVLC 141.65% 
Total canopy volume (TCV=VLC+TUV) 25.18m3 
TUV jTCV 58.62% 
EUV jTCV 46.82% 
IUV jTCV 11.80% 
Bottom height 104 cm 






Pbotosynthet i cally acti ve radi 8t ion(μEinstein .-2s・1)
Fig. 22. Distributions in a moment ofradiational 
日uxesat leaf surfaces of the ‘Hiratane. 
nashi' -C tree estimated by a model 
(“Simulation model of distribution of 
radiational臼uxat leaf surfaces in fruit 
tree crown")， atseveral times on a fine 
day (a~c) and a slightly cloudy day 
(d) in summer. ldo and ls indicate 
direct sunlight and skylight at horizon. 
tal plane， respectively. Mean and SD 
indicate mean radiational f1ux at leaf 
surfaces and its standard deviation， 
respectively. IE indi臼 tesinterception 
efficiency( = Mean/Total solar radiation 
at horizontal plane x 100%). Unit of 








さであるリンゴの‘レッド・スパー， (マルパ台)(Fig. 25 
とFig.26)，.ふじ， (マルパ)(Fig. 27とFig.28)，‘国光'
890 










































Fig. 23. Original photographs of an apple ‘Golden Delicious' (M 26) 
tree. a : X-Y photograph(RY=2250)， b : Z-Y photograph 
(RY=3150) 
???
Fig. 25. Original photographs of an apple ‘Red Spur' (Maruba)tree. 
a: X-Y photograph(RY=300)， b: Z-Y photograph(RY= 
1200) 
Fig. 24. Drawing tree crown forms of the tree (a， b) in Fig.23， at 




Fig. 26. Drawing tree crown forms of the tree in Fig. 25， at same 
angles as Fig. 25. 
Fig. 27. Original photographs of an apple ‘Fuji' (Maruba) tree. a: 
X-Y photograph(RY=2400)， b: Z-Y photograph(RY=3300) 
Fig. 28. Drawing tree crown forms of the tree in Fig.27， at same 










Fig. 30. Drawing tree crown forrns of the tree 
in Fig.29， at sarne angles as Fig.29. 
Fig. 29. Original photographs of an apple ‘Ralls' 
(Maruba)tree. a: X-Y photograph(RY= 






Fig. 32. Drawing tree crown forrns of the tree 
in Fig.31， at鈎 meangles as Fig. 31. 
Fig. 31. Original photographs of a peach ‘Koyo-
hakuto' tree. a : X-Y photograp (RY= 
195・)，b : Z-Y photograph (RY=285') 
????
Fig. 34. Drawing tree crown forrns of the tree 
in Fig. 33， at sarne angles as Fig. 33. 
Fig. 33. Original photographs of a cherry ‘Sato-
nishiki' tree. a: X-Y photograph (RY= 
240')， b : Z-Y photograph (RY=330') 
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Fig. 35. Original photographs of a walnut ‘Shin. 
rei' tree. a: X-Y photograph(RY=2400)， 
b : Z-Y photograph (RY=330・)
Fig. 37. Original photographs of a chestnut 
‘Tanzawa' tree. a : X-Y photograph(RY 
=225・)， b : Z-Y photograph(RY=3150). 
893 
Fig. 36. Drawing tree crown forms of the tree 
in Fig. 35， at same angles as Fig. 35. 
c 
Fig. 38. Drawing tree crown forms of the tree 
in Fig. 37， at same angles as Fig. 37. 
(a， b). c : A solid model(RY=20・，RY=
3450， RZ=O・，BL=48cm) 
148 山形大学紀要(農学)第10巻第4号
Fig. 39. Original photographs of a pear‘Grand 
Champion' tree. a: X-Y photograph(RY 
=2450)， b : Z-Y photograph(RY=3350) 
Fig. 41. Photographs of tree crowns at the be. 
ginning of autumn of 3‘Hiratan巴nashi，
trees. a : A-tree， RY =247.5"， b : A-tree， 
RY =337.5"， c : B-tree， RY =247.5"， d : 
B-tree， RY =337.5¥e : C-tree， RY = 2250， 





Fig. 40. Drawing tree crown forms of th巴 tre巴
in Fig.39， at same angles as Fig.39 (a， 
b). c: A solid model (RX=200， RY= 
335・，RZ=Oo， BL=38 cm) 
b 
Fig. 42. Drawing results of tree crown forms of 
the 3・Hiratanenashi'trees in Fig.41 
estimated by using another photographs 
at the time of after defoliation whose 
angles were different from the photo. 
graphing at autumn in Fig. 41. But， the 
estimating angles were same as Fig. 41. 
894 
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Fig. 13. Results of drawing of tree form ( a~f， m) and tree crown form ( g~l ， n) of the 
‘Hiratanenashi' -C tree. RY of photographing angle of a， b， c， d， e， f of the figure 
(or g， h， i， j， k， 1) is3150， 00， 450， 1350， 180¥2250， respectively. And their RX and RZ 
ar巴 00• m and n of the自gureshows overhead lookings (RX =900). A vertical bar 
indicates 50 cm 
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